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(57) ABSTRACT

The present invention relates to a wireless communication
system, and more particularly, to a method and an apparatus
for performing a handover related to a mobile cell. A method
for a user equipment handing over a mobile relay, according
to one embodiment of the present invention, can comprise a
step of reporting to a serving base station information on the
state of the user equipment with respect to the mobile relay
handover, and a step of handing over the mobile relay based
on a handover command by the serving base station, the
handover being determined based on the state of the user
equipment. As a result, a way for efficiently and accurately
performing the handover related to the mobile cell can be
provided.

10 Claims, 11 Drawing Sheets
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1
METHOD AND APPARATUS FOR HANDING
OVER MOBILE CELL

This Application is a35 U.S.C. §371 National Stage Entry
of International Application No. PCT/KR2012/002182, filed
Mar. 26, 2012 and claims the benefit of U.S. Provisional
Application No. 61/468,545, filed Mar. 28, 2011, all of which
are incorporated by reference in their entirety herein.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly, to a method and apparatus for
performing mobile cell-related handover.

BACKGROUND ART

A relay is an entity that relays signal transmission and
reception between a macro evolved Node B (eNode B or
eNB) and a User Equipment (UE). Relays may be introduced
in order to extend service coverage and increase cell-edge
throughput.

If the position of a relay changes over time, a cell covered
by the relay may have mobility. Thus, the cell may be called
a mobile cell.

DISCLOSURE
Technical Problem

If a UE performs handover from another cell to a mobile
cell or from a mobile cell to another cell by a conventional
handover procedure, the handover procedure may be unnec-
essary.

An object of the present invention devised to solve the
conventional problem is to provide a method for performing
mobile cell-related handover efficiently and accurately.

It will be appreciated by persons skilled in the art that the
objects that could be achieved with the present invention are
not limited to what has been particularly described herein-
above and the above and other objects that the present inven-
tion could achieve will be more clearly understood from the
following detailed description.

Technical Solution

In an aspect of the present invention, a method for perform-
ing a mobile relay handover at a user equipment includes
reporting information about a state of the user equipment
regarding the mobile relay handover to a serving base station,
and performing the mobile relay handover based on a han-
dover command received from the serving base station, the
handover command being determined based on the state of
the user equipment by the serving base station.

In another aspect of the present invention, a method for
supporting a mobile relay handover includes receiving infor-
mation about a state of a user equipment regarding the mobile
relay handover, and determining whether the mobile relay
handover is to be performed based on the state of the UE and
transmitting a handover command to the user equipment.

In another aspect of the present invention, a user equipment
for performing a mobile relay handover includes a transmis-
sion module for transmitting a signal to a network, a reception
module for receiving a signal from the network, and a pro-
cessor for controlling the user equipment including the trans-
mission module and the reception module. The processor is
configured to report information about a state of the user
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equipment regarding the mobile relay handover to a serving
base station through the transmission module, and to perform
the mobile relay handover based on a handover command
received from the serving base station, the handover com-
mand being determined based on the state of the user equip-
ment by the serving base station.

In another aspect of the present invention, a base station for
supporting a mobile relay handover includes a transmission
module for transmitting a signal to a user equipment, a recep-
tion module for receiving a signal from the user equipment,
and a processor for controlling the base station including the
transmission module and the reception module. The proces-
sor is configured to receive information about a state of the
user equipment regarding the mobile relay handover through
the reception module, to determine whether the mobile relay
handover is to be performed based on the state of the user
equipment, and to transmit a handover command to the user
equipment through the transmission module.

The followings are applicable commonly to the embodi-
ments of the present invention.

The state of the user equipment may be one of a first state
in which the user equipment and a mobile relay travel in the
same predicted route and a second state in which the user
equipment and the mobile relay travel in different predicted
routes.

Ifthe mobile relay handover is a handover from the mobile
relay to another base station, the mobile relay handover may
not be performed when the state of the user equipment is the
first state and the mobile relay handover may be performed
when the state of the user equipment is the second state.

If the mobile relay handover is a handover from another
base station to the mobile relay, the mobile relay handover
may be performed when the state of the user equipment is the
first state and the mobile relay handover may not be per-
formed when the state of the user equipment is the second
state.

The state of the user equipment may be determined based
on at least one of information input by a user of the user
equipment, identification information preset in the user
equipment, and a sensing result of the user equipment.

The information input by the user of the user equipment
may be a response to a request for confirming the state of the
user equipment.

The preset identification information may include at least
one of information about a predicted travel route of the
mobile relay, identification information about the mobile
relay, identification information about a transportation means
in which the mobile relay is installed, time information, and
place information.

The sensing result of the user equipment may be at least
one of a result of sensing a signal from the mobile relay or a
device co-located with the mobile relay and aresult of sensing
a medium containing information about at least one of a
predicted travel route, a departure time, a departure location,
an arrival time, and an arrival location of the mobile relay.

The state of the user equipment may be one of a first state
in which the mobile relay handover is allowed and a second
state in which the mobile relay handover is prohibited.

The mobile relay handover may be a handover from the
mobile relay to another base station or a handover from
another base station to the mobile relay.

The foregoing general description and upcoming detailed
description of the present invention are exemplary, intended
to give an additional description of the appended claims.

Advantageous Effects
According to the present invention, a method for perform-

ing mobile cell-related handover efficiently and accurately
can be provided.
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It will be appreciated by persons skilled in the art that the
effects that can be achieved with the present invention are not
limited to what has been particularly described hereinabove
and other advantages of the present invention will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 illustrates the structure of a radio frame;

FIG. 2 illustrates the structure of a downlink resource grid
for the duration of one downlink slot;

FIG. 3 illustrates the structure of a downlink subframe;

FIG. 4 illustrates the structure of an uplink subframe;

FIG. 5 illustrates the configuration of a Multiple Input
Multiple Output (MIMO) wireless communication system;

FIG. 6 illustrates resource partitioning for transmission to
a Relay Node (RN);

FIG. 7 illustrates a signal flow for a handover procedure;

FIGS. 8 and 9 illustrate exemplary handover situations that
may result from introduction of a mobile relay;

FIG. 10 illustrates a signal flow for a method for perform-
ing mobile relay handover according to the present invention;
and

FIG. 11 is a block diagram of a User Equipment (UE) and
anevolved Node B (eNB oreNode B) according to the present
invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The embodiments of the present invention described here-
inbelow are combinations of elements and features of the
present invention. The elements or features may be consid-
ered selective unless otherwise mentioned. Each element or
feature may be practiced without being combined with other
elements or features. Further, an embodiment of the present
invention may be constructed by combining parts of the ele-
ments and/or features. Operation orders described in embodi-
ments of the present invention may be rearranged. Some
constructions or features of any one embodiment may be
included in another embodiment and may be replaced with
corresponding constructions or features of another embodi-
ment.

In the present disclosure, a Base Station (BS) is a terminal
node of a network, which communicates directly with a User
Equipment (UE). In some cases, a specific operation
described as performed by the BS may be performed by an
upper node of the BS. Namely, it is apparent that, in a network
comprised of a plurality of network nodes including a BS,
various operations performed for communication with a UE
may be performed by the BS, or network nodes other than the
BS.

The term ‘BS’ may be replaced with the term ‘fixed sta-
tion’, ‘Node B’, ‘evolved Node B (eNode B oreNB)’, “Access
Point (AP)’, etc. The term ‘relay’ may be used interchange-
ably with ‘Relay Node (RN)’, ‘Relay Station (RS)’, etc. The
term ‘terminal’ may be replaced with the term “TIE’, ‘Mobile
Station (MS)’, ‘Mobile Subscriber Station (MSS)’, ‘Sub-
scriber Station (SS)’, etc.
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Specific terms used in the following description are pro-
vided to help the understanding of the present invention.
These specific terms may be replaced with other terms within
the scope and spirit of the present invention.

In some cases, to prevent the concept of the present inven-
tion from being ambiguous, structures and apparatuses of the
known art will be omitted, or will be shown in the form of a
block diagram based on main functions of each structure and
apparatus.

The embodiments of the present invention can be sup-
ported by standard documents disclosed for at least one of
wireless access systems such as Institute of Electrical and
Electronics Engineers (IEEE) 802, 3" Generation Partner-
ship Project (3GPP), 3GPP Long Term Evolution (3GPP
LTE), LTE-Advanced (LTE-A), and 3GPP2 systems. Steps or
parts that are not described to clarify the technical features of
the present invention can be supported by those documents.
Further, all terms as set forth herein can be explained by the
standard documents.

The embodiments of the present invention can be used in
various wireless access systems such as Code Division Mul-
tiple Access (CDMA), Frequency Division Multiple Access
(FDMA), Time Division Multiple Access (IDMA), Orthogo-
nal Frequency Division Multiple Access (OFDMA), Single
Carrier Frequency Division Multiple Access (SC-FDMA),
etc. CDMA may be implemented as a radio technology such
as Universal Terrestrial Radio Access (UTRA) or
CDMA2000. TDMA may be implemented as a radio tech-
nology such as Global System for Mobile communications/
General Packet Radio Service/Enhanced Data Rates for GSM
Evolution (GSM/GPRS/EDGE). OFDMA may be imple-
mented as a radio technology such as IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Evolved-UTRA
(E-UTRA) etc. UTRA is a part of Universal Mobile Telecom-
munication System (UMTS). 3GPP LTE is a part of Evolved-
UMTS (E-UMTS) using E-UTRA. 3GPP LTE employs
OFDMA for downlink and SC-FDMA for uplink. LTE-A is
an evolution of 3GPP LTE. WiMAX is described by the IEEE
802.16e standard (Wireless Metropolitan Area Network
(WirelessMAN-OFDMA Reference System) and the IEEE
802.16m standard (WirelessMAN-OFDMA Advanced Sys-
tem). For clarity, this application focuses on the 3GPP LTE/
LTE-A system. However, the technical features of the present
invention are not limited thereto.

With reference to F1G. 1, the structure of a radio frame will
be described below.

In a cellular Orthogonal Frequency Division Multiplexing
(OFDM) wireless packet communication system, Uplink/
Downlink (UL/DL) data packets are transmitted in sub-
frames. One subframe is defined as a predetermined time
interval including a plurality of OFDM symbols. The 3GPP
LTE standard supports a type 1 radio frame structure appli-
cable to Frequency Division Duplex (FDD) and a type 2 radio
frame structure applicable to Time Division Duplex (TDD).

FIG. 1(a) is a diagram illustrating the structure of the type
1 radio frame. A downlink radio frame includes 10 subframes,
each subframe including two slots in the time domain. A time
required for transmitting one subframe is defined as a Trans-
mission Time Interval (TTI). For example, one subframe may
be 1 ms long and one slot may be 0.5 ms long. One slot
includes a plurality of OFDM symbols in the time domain and
a plurality of Resource Blocks (RBs) in the frequency
domain. Since the 3GPP LTE system uses OFDMA on DL, an
OFDM symbol is one symbol period. The OFDM symbol
may be called an SC-FDMA symbol or symbol period. AnRB
is a resource allocation unit including a plurality of contigu-
ous subcarriers in one slot.
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The number of OFDM symbols included in one slot may be
changed according to the configuration of a Cyclic Prefix
(CP). There are two types of CPs, extended CP and normal
CP. For example, if each OFDM symbol is configured to
include a normal CP, one slot may include 7 OFDM symbols.
If each OFDM symbol is configured to include an extended
CP, the length of an OFDM symbol is increased and thus the
number of OFDM symbols included in one slot is less than
that in the case of a normal CP. In the case of the extended CP,
for example, one slot may include 6 OFDM symbols. If a
channel state is instable as is the case with a fast UE, the
extended CP may be used in order to further reduce inter-
symbol interference.

In the case of the normal CP, since one slot includes 7
OFDM symbols, one subframe includes 14 OFDM symbols.
The first two or three OFDM symbols of each subframe may
be allocated to a Physical Downlink Control Channel (PD-
CCH) and the remaining OFDM symbols may be allocated to
a Physical Downlink Shared Channel (PDSCH).

FIG. 1(b) illustrates the structure of the type 2 radio frame.
The type 2 radio frame includes two half frames, each half
frame including 5 subframes, a Downlink Pilot Time Slot
(DwWPTS), a Guard Period (GP), and an Uplink Pilot Time
Slot (UpPTS). One subframe is divided into two slots. The
DwPTS is used for initial cell search, synchronization, or
channel estimation at a UE, and the UpPTS is used for chan-
nel estimation and UL transmission synchronization with a
UE at an eNB. The GP is used to cancel UL interference
between UL and DL, caused by the multi-path delay of a DL,
signal. One subframe includes two slots irrespective of the
type of a radio frame.

The structures ofradio frames are only exemplary. Accord-
ingly, the number of subframes in a radio frame, the number
of slots in a subframe, and the number of symbols in a slot
may be changed in various manners.

FIG. 2 illustrates the structure of a DL resource grid for the
duration of one DL slot. A DL slot has 7 OFDM symbols in
the time domain and an RB includes 12 subcarriers in the
frequency domain, which does not limit the present invention.
For example, a DL slot includes 7 OFDM symbols in a sub-
frame with normal CPs, whereas a DL slot includes 6 OFDM
symbols in a subframe with extended CPs. Each element of
the resource grid is referred to as a Resource Element (RE).
An RB includes 12x7 REs. The number of RBs in a DL slot,
NP~ depends on a DL transmission bandwidth. A UL slot may
have the same structure as a DL slot.

FIG. 3 illustrates the structure of a DL subframe. Up to
three OFDM symbols at the start of the first slot of a DL
subframe are used as a control region to which control chan-
nels are allocated and the other OFDM symbols of the DL
subframe are used as a data region to which a PDSCH is
allocated. DL control channels defined for the 3GPP LTE
system include a Physical Control Format Indicator Channel
(PCFICH), a Physical Downlink Control Channel (PDCCH),
and a Physical Hybrid automatic repeat request (ARQ) Indi-
cator Channel (PHICH). The PCFICH is located in the first
OFDM symbol of a subframe, carrying information about the
number of OFDM symbols used for transmission of control
channels in the subframe. The PHICH delivers an HARQ
ACKnowledgment/Negative =~ ACKnowledgment (ACK/
NACK) signal as a response to a UL transmission. Control
information carried on the PDCCH is called Downlink Con-
trol Information (DCI). The DCI transports UL scheduling
information, DL scheduling information, or UL transmission
power control commands for UE groups. The PDCCH deliv-
ers information about resource allocation and a transport
format for a Downlink Shared Channel (DL-SCH), resource
allocation information about an Uplink Shared Channel (UL-
SCH), paging information of a Paging Channel (PCH), sys-
tem information on the DL-SCH, information about resource
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allocation for a higher-layer control message such as a ran-
dom access response transmitted on the PDSCH, a set of
transmission power control commands for individual UEs of
a UE group, transmission power control information, Voice
Over Internet Protocol (VoIP) activation information, etc. A
plurality of PDCCHs may be transmitted in the control
region. A UE may monitor a plurality of PDCCHs. A PDCCH
is formed by aggregation of one or more consecutive Control
Channel Elements (CCEs). A CCE is a logical allocation unit
used to provide a PDCCH at a coding rate based on the state
of'a radio channel. A CCE includes a plurality of RE Groups
(REGS). The format of a PDCCH and the number of available
bits for the PDCCH are determined according to the relation-
ship between the number of CCEs and a coding rate provided
by the CCEs. An eNB determines a PDCCH format according
to DCI transmitted to a UE and adds a Cyclic Redundancy
Check (CRC) to control information. The CRC is masked by
an Identifier (ID) known as a Radio Network Temporary
Identifier (RNTI) according to the owner or usage of the
PDCCH. If the PDCCH is destined for a specific UE, the CRC
may be masked by a cell-RNTI (C-RNTI) of the UE. If the
PDCCH carries a paging message, the CRC of the PDCCH
may be masked by a Paging Indicator Identifier (P-RNTI). If
the PDCCH carries system information, particularly, a Sys-
tem Information Block (SIB), its CRC may be masked by a
system information ID and a System Information RNTI (SI-
RNTTI). To indicate that the PDCCH carries a random access
response to a random access preamble transmitted by a UE,
its CRC may be masked by a Random Access-RNTI (RA-
RNTI).

FIG. 4 illustrates the structure of a UL subframe. A UL
subframe may be divided into a control region and a data
region in the frequency domain. A Physical Uplink Control
Channel (PUCCH) carrying uplink control information is
allocated to the control region and a Physical Uplink Shared
Channel (PUSCH) carrying user data is allocated to the data
region. To maintain a single carrier property, a UE does not
transmit a PUSCH and a PUCCH simultaneously. A PUCCH
for a UE is allocated to an RB pair in a subframe. The RBs of
the RB pair occupy different subcarriers in two slots. Thus it
is said that the RB pair allocated to the PUCCH is frequency-
hopped over a slot boundary.

Modeling of Multiple Input Multiple Output (MIMO) Sys-
tem

FIG. 5 illustrates the configuration of a MIMO wireless
communication system.

Referring to FIG. 5(a), when the number of Transmission
(Tx) antennas and the number of Reception (Rx) antennas are
increased to Nand Ny, respectively at both a transmitter and
a receiver, a theoretical channel transmission capacity
increases in proportion to the number of antennas, compared
to the use of a plurality of antennas at only one of the trans-
mitter and the receiver. Therefore, transmission rate and fre-
quency efficiency are remarkably increased. Along with the
increase of channel transmission capacity, the transmission
rate may be increased in theory to the product of a maximum
transmission rate R, that may be achieved with a single
antenna and a rate increase rate R,.

R~=min(NyNgz) [Equation 1]

For instance, a MIMO communication system with four Tx
antennas and four Rx antennas may achieve a four-fold
increase in transmission rate theoretically, relative to a single-
antenna wireless communication system. Since the theoreti-
cal capacity increase of the MIMO wireless communication
system was verified in the middle 1990s, many techniques
have been actively developed to increase data rate in real
implementation. Some of the techniques have already been
reflected in various wireless communication standards
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including standards for 3G mobile communications, future-
generation Wireless Local Area Network (WLAN), etc.

Concerning the research trend of MIMO up to now, active
studies are underway in many respects of MIMO, inclusive of
studies of information theory related to calculation of multi-
antenna communication capacity in diverse channel environ-
ments and multiple access environments, studies of measur-
ing MIMO radio channels and MIMO modeling, studies of
time-space signal processing techniques to increase transmis-
sion reliability and transmission rate, etc.

Communication in a MIMO system with N, Tx antennas
and N, Rx antennas will be described in detail through math-
ematical modeling.

Regarding a transmission signal, up to N, pieces of infor-
mation can be transmitted through the N, Tx antennas, as
expressed as the following vector.
T

s=lspsa ., SNTJ [Equation 2]

A different transmission power may be applied to each
piece of transmission information, s, s,, . . ., Sy, Let the
transmission power levels of the transmission information be
denoted by Py, Py, . . ., Py, respectively. Then the transmis-
sion power-controlled transmission information vector may
be given as

§=[51,8 ..., S "= (P15, P, - - ., Pysad” [Equation 3]

The transmission power-controlled transmission informa-
tion vector § may be expressed as follows, using a diagonal
matrix P of transmission power.

P, 0 51 [Equation 4]
P 52
5= . |=Ps
0 Py SNy
N transmissionsignals x,, X,, . . ., X,, may be generated by

multiplying the transmission power-controlled information
vectors § by a weight matrix W. The weight matrix W func-
tions to appropriately distribute the transmission information
to the Tx antennas according to transmission channel states,
etc. These N transmission signals X, X,, . . ., X,, are repre-
sented as a vector x, which may be determined by

X1 [Equation 5]

X2

Xi

X, NT
wi o w2 wing [ 51
wa o wan wang || $2
wii Wi Wing 35
WNpl Whp2o ot WapNg || Sy
=Ws
= WPs

Here, w,, denotes a weight between a i piece of informa-

tion and an i Tx antenna.
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Given N Rx antennas, signals received at the Rx antennas,
Yis Yas - - - » Yo, May be represented as the following vector.

Yy=uya .- gl T [Equation 6]

When channels are modeled in the MIMO wireless com-
munication system, they may be distinguished according to
the indexes of Tx and Rx antennas. A channel between a j* Tx
antenna and an i” Rx antenna is denoted by h,,;. One thing to
note herein is that the index of an Rx antenna precedes the
index of a Tx antenna in h,;.

FIG. 5(b) illustrates channels from N, Tx antennas to an i
Rx antenna. The channels may be collectively represented as
avector or a matrix. Referring to FIG. 5(b), the channels from
the N, Tx antennas to the i Rx antenna may be expressed as
[Equation 7].

=, hiNT]

Hence, all channels from the N, Tx antennas to the N, Rx
antennas may be expressed as the following matrix.

[Equation 7]

h{ o hn hiyy [Equation 8]
H My oy
wel -
h TR S hing
i hngt hnge o By

Actual channels experience the above channel matrix H
and then are added with Additive White Gaussian Noise
(AWGN). The AWGN ny, n,, . . . , 0y, added to the Nz Rx
antennas is given as the following vector.

n=[nyny, ..., ”NR]T [Equation 9]

From the above mathematical modeling, the received sig-
nal vector is given as

¥1 [Equation 10]

Y2

Yi

vy 1 x n

hany || %2 ny

iy hivg || % m;

hngt hvgz o hwgng |LXNp g

=Hx+n

The numbers of rows and columns in the channel matrix H
representing channel states are determined according to the
numbers of Rx and Tx antennas. Specifically, the number of
rows in the channel matrix H is equal to the number of Rx
antennas, N and the number of columns in the channel
matrix H is equal to the number of Tx antennas, N,. Hence,
the channel matrix H is an NzxN, matrix.

The rank of a matrix is defined as the smaller between the
number of independent rows and the number of independent
columns in the matrix. Accordingly, the rank of the matrix is
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not larger than the number of rows or columns of the matrix.
The rank of the channel matrix H, rank(H) satisfies the fol-
lowing constraint.

rank(H)=min(N;Ng) [Equation 11]

The rank of a matrix may also be defined as the number of
non-zero eigenvalues, when the matrix is decomposed by
EigenValue Decomposition (EVD). Similarly, the rank of a
matrix may be defined as the number of non-zero singular
values, when the matrix is decomposed by Singular Value
Decomposition (SVD). Therefore, the rank of a channel
matrix may be the maximum number of different pieces of
information that can be transmitted on a physical channel, in
its physical meaning.

In MIMO transmission, the term ‘rank’ is the number of
paths in which signals are independently transmitted, and the
term ‘number of layers’ is the number of signal streams trans-
mitted through respective paths. In general, since a transmit-
ter transmits as many layers as the rank of signal transmis-
sion, the rank has the same meaning as the number of layers,
unless otherwise noted.

Coordinated Multi-Point (CoMP)

To satisfy enhanced system performance requirements for
the 3GPP LTE-A system, CoMP transmission and reception
technology (co-MIMO, collaborative MIMO or network
MIMO) has been proposed. The CoMP technology can
increase the performance of UEs located at a cell edge and an
average sector throughput.

It is known that Inter-Cell Interference (ICI) generally
degrades the performance of a UE at a cell edge and an
average sector throughput in a multi-cellular environment
with a frequency reuse factor of 1. To reduce ICI, a simple ICI
mitigation technique such as UE-specific power control-
based Fractional Frequency Reuse (FFR) is used in the legacy
LTE system. However, it may be preferred to reduce the ICI or
reuse the ICI as a desired signal for the UE, rather than to
decrease the utilization of frequency resources per cell. For
this purpose, CoMP transmission techniques may be adopted.

DL CoMP schemes are classified largely into Joint Pro-
cessing (JP) and Coordinated Scheduling/Beamforming (CS/
CB).

In the JP scheme, each point (eNB) of CoMP cooperation
units may use data. The CoMP cooperation units refer to a set
of' eNBs participating in a CoMP transmission operation. The
JP scheme is further branched into joint transmission and
dynamic cell selection.

Joint transmission is a technique of transmitting PDSCHs
from a plurality of points (a part or all of CoMP cooperation
units) at one time. That is, a plurality of transmission points
may simultaneously transmit data to a single UE. The joint
transmission scheme can improve the quality of a received
signal coherently or non-coherently and actively eliminate
interference with other UEs, as well.

Dynamic cell selection is a technique of transmitting a
PDSCH from one point (of CoMP cooperation units) at one
time. That is, one point of the CoMP cooperation units trans-
mits data to a single UE at a given time point, while the other
points of the CoMP cooperation units do not transmit data to
the UE at the time point. A point to transmit data to a UE may
be dynamically selected.

In the CS/CB scheme, CoMP cooperation units may per-
form cooperative beamforming for data transmission to a
single UE. While only a serving cell transmits data to the UE,
user scheduling/beamforming may be determined through
coordination among cells of the CoMP cooperation units.

UL CoMP reception refers to UL reception of a transmitted
signal through coordination at a plurality of geographically
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10
separated points. UL CoMP schemes include Joint Reception
(JR) and Coordinated Scheduling/Beamforming (CS/CB).

In JR, a plurality of reception points receive a signal trans-
mitted on a PUSCH. CS/CB is a technique in which while
only one point receives a PUSCH, user scheduling/beam-
forming is determined through coordination among the cells
of CoMP cooperation units.

In the CoMP system, multi-cellular eNBs may jointly sup-
port data transmission for a UE. Further, since the eNBs
simultaneously support one or more UEs in the same radio
frequency resources, system performance can be increased.
The eNBs may perform Space Division Multiple Access
(SDMA) based on channel state information between the
eNBs and the UE.

A serving eNB and one or more cooperative eNBs are
connected to a scheduler through a backbone network in the
CoMP system. The scheduler may receive feedback channel
information about channel states between each UE and coop-
erative eNBs as measured by the eNBs through the backbone
network and operate based on the channel information. For
example, the scheduler may schedule cooperative MIMO
information for the serving eNB and one or more cooperative
eNBs. That is, the scheduler may directly transmit a com-
mand related to a cooperative MIMO operation to each eNB.

As described above, the CoMP system may be regarded as
a virtual MIMO system designed by grouping a plurality of
cells. Basically, a MIMO communication scheme using mul-
tiple antennas may apply to the CoMP system.

DL Channel State Information (CSI) Feedback

MIMO schemes may be classified into open-loop MIMO
and closed-loop MIMO. In open-loop MIMO, a MIMO trans-
mitter performs MIMO transmission without receiving a CSI
feedback from a MIMO receiver. On the other hand, the
MIMO transmitter receives a CSI feedback from the MIMO
receiver and performs MIMO transmission based on the CSI
feedback in closed-loop MIMO. To achieve a multiplexing
gain through MIMO Tx antennas, the transmitter and the
receiver each may perform beamforming based on CSI in the
closed-loop MIMO scheme. To enable the receiver (e.g. a
UE) to feed back CSI, the transmitter (e.g. an eNB) may
allocate a UL control channel or a UL shared channel to the
receiver.

A CSI feedback may include a Rank Indication (RI), a
Precoding Matrix Index (PMI), and a Channel Quality Indi-
cator (CQI).

An RI is information about a channel rank. The channel
rank is the maximum number of layers (or streams) that may
carry different information in the same time-frequency
resources. Because the rank is determined mainly according
to the long-term fading of a channel, the RI may be fed back
in a longer period (i.e. less frequently) than a PMI and a CQI.

A PMI is information about a precoding matrix used for
transmission of a transmitter, reflecting the spatial character-
istics of channels. Precoding refers to mapping transmission
layers to Tx antennas. A layer-antenna mapping relationship
may be determined according to a precoding matrix. The PMI
is the index of an eNB precoding matrix preferred by the UE,
selected based on a metric such as Signal-to-Interference plus
Noise Ratio (SINR), etc. In order to reduce the feedback
overhead of precoding information, the transmitter and the
receiver may share a codebook with a plurality of precoding
matrices and the receiver may feed back only the index of a
specific precoding matrix in the codebook.

A CQI is information representing a channel quality or a
channel strength. The CQI may be expressed as a predeter-
mined Modulation Coding Scheme (MCS). That is, a feed-
back CQI index indicates a corresponding modulation
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scheme and coding rate. In general, the CQI reflects a recep-
tion SINR that can be achieved when an eNB configures
spatial channels using a PMI.

A system supporting an extended antenna configuration
(e.g. an LTE-A system) considers achievement of an addi-
tional multi-user diversity by the use of MU-MIMO. Due to
the existence of interference channels between UEs multi-
plexed in an antenna domain in MU-MIMO, it is necessary to
avoid interference with other UEs, when an eNB transmits a
DL signal to one of multiple UEs based on a CSI feedback
received from the one UE. Accordingly, more accurate CSI
than in Single User MIMO (SU-MIMO) should be fed back
for a reliable MU-MIMO operation.

For more accurate measurement and reporting of CSI, a
new CSI feedback scheme may be adopted by moditying
conventional CSI including an RI, a PMI, and a CQI. For
example, precoding information fed back from the receiver
may be indicated by a set of two PMIs. One of the two PMIs
(PMI 1) has a long-term and/or wideband property, referred to
as W1, whereas the other PMI (PMI 2) has a short-term and/or
subband property, referred to as W2. A final PMI may be
determined by combining W1 and W2 (or a function of W1
and W2). For example, let the final PMI be denoted by W.
Then W=W1*W2 or W=W2*W1.

W1 reflects the average frequency and/or time character-
istics of channels. In other words, W1 may be defined as CSI
that reflects long-term channel characteristics in time, wide-
band channel characteristics in frequency, or both long-term
channel characteristics in time and wideband channel char-
acteristics in frequency. To represent these characteristics of
W1, W1 will be referred to as long term-wideband CSI (or a
long term-wideband PMI).

Compared to W1, W2 reflects relatively instantaneous
channel characteristics. In other words, W2 may be defined as
CSI that reflects short-term channel characteristics in time,
subband channel characteristics in frequency, or both short-
term channel characteristics in time and subband channel
characteristics in frequency. To represent these characteris-
tics of W2, W2 will be referred to as short term-subband CSI
(or a short term-subband PMI).

To determine a final precoding matrix W with two pieces of
information having different characteristics representing
channel states (e.g. W1 and W2), separate codebooks with
precoding matrices representing channel information having
different characteristics (e.g. a first codebook for W1 and a
second codebook for W2) need to be configured. These code-
books may be referred to as hierarchical codebooks. Deter-
mination of a final codebook using hierarchical codebooks is
called hierarchical codebook transformation.

For example, the long-term covariance matrix of channels
expressed as [Equation 12] may be used for hierarchical
codebook transformation.

W=norm(W1W2)

In [Equation 12], W1 (i.e. the long term-wideband PMI) is
an element (i.e. a codeword) of a codebook (e.g. the first
codebook) designed to reflect long term-wideband channel
information. That is, W1 is a precoding matrix included in the
first codebook reflecting long term-wideband channel infor-
mation. On the other hand, W2 (i.e. the short term-subband
PMI)is a codeword of a codebook (e.g. the second codebook)
designed to reflect long term-wideband channel information.
That is, W2 is a precoding matrix included in the second
codebook reflecting short term-subband channel information.
W is a codeword of a final codebook. norm(A) is a matrix
obtained by normalizing the norm of each column of matrix A
to 1.

[Equation 12]
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W1 and W2 may have the structures expressed as [Equa-
tion 13], by way of example.

[Equation 13]

(if rank = r)

In [Equation 13], W1 may be defined as a block diagonal
matrix in which each block is an identical matrix X,. One
block X, may be defined as an (N /2)xM matrix where N, is the
number of Tx antennas. e, of W2 (p=k, 1, ..., m)is an Mx1
vector where a p™ element of the M vector elements is 1 and
the other elements are 0. If e, 7 is multiplied by W1, a p”
column is selected from among the columns of W1. Thus this
vector may be referred to as a selection vector. As the value of
M increases, the number of feedback vectors transmitted at
one time is increased to represent long term/wideband chan-
nels. Consequently, feedback accuracy is also increased.
However, alarger M value leads to a decrease in the codebook
size of W1 that is less frequently fed back, and an increase in
the codebook size of W2 that is more frequently fed back. As
a result, feedback overhead is increased. That is, feedback
overhead and feedback accuracy are in a tradeoff relationship.
Accordingly, the value of M may be determined such that
feedback overhead is not too much, while feedback accuracy
is maintained at an appropriate level. In W2, o, f;, and y;
represent predetermined phase values. In [Equation 13], 1<k,
I, m=M where k, 1, and m are integers.

The codebook structures of [Equation 13] are designed so
as to reflect correlation characteristics between channels, if
cross-polarized (X-pol) antennas are arranged densely (in
general, the distance between adjacent antennas is equal to or
less than a half of a signal wavelength). Exemplary cross-

polarized antenna configurations are listed in [ Table 1] below.
TABLE 1

2Tx cross-polarized 1 2

antenna configuration il

4Tx cross-polarized

antenna configuration \\ \\

8Tx cross-polarized

antenna configuration \\ \\ \\ \\

Referring to [Table 1], the 8Tx cross-polarized antenna
configuration groups eight antennas into two groups having
different polarizations. The antennas of antenna group 1 (an-
tennas 1, 2, 3 and 4) have the same polarization (e.g. vertical
polarization) and the antennas of antenna group 2 (antennas 5,
6, 7 and 8) have the same polarization (e.g. horizontal polar-
ization). The two antenna groups are co-located. For example,
antennas 1 and 5 may be co-located, antennas 2 and 6 may be
co-located, antennas 3 and 7 may be co-located, and antennas
4 and 8 may be co-located. In other words, the antennas of
each antenna group have the same polarization, like a Uni-
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form Linear Array (LUA) and the correlations between anten-
nas in each antenna group have a linear phase increment
property. The correlation between the antenna groups is char-
acterized by phase rotation.

Considering that a codebook is eventually quantized values
of'channels, it is necessary to design a codebook based on real
channel characteristics. To verify that real channel character-
istics are reflected in the codewords of the codebooks
designed as illustrated in [Equation 13], a rank-1 codebook
will be described as an example. [Equation 14] describes a
final codeword W determined to be the product of a codeword
W1 and a codeword W2, for rank 1.

[Equation 14]

Xi(k)
W13« W2()) =[ }

ij;(k)

In [Equation 14], the final codeword is expressed as an
Nx1 vector divided into an upper vector x,(k) and a lower
vector o.,x,(k). The upper vector x,(k) represents the correla-
tion characteristics of the horizontal polarization antenna
group of cross-polarized antennas and the lower vector aux,
(k) represents the correlation characteristics of the vertical
polarization antenna group of cross-polarized antennas. x (k)
may be expressed as a vector (e.g. a Discrete Fourier Trans-
form (DFT) matrix) having the linear phase increment prop-
erty, reflecting the correlation characteristics between anten-
nas in each antenna group.

With the use of the above-described codebooks, a more
accurate channel feedback is possible than with the use of a
single codebook. Therefore, highly accurate channel feed-
back enables a single-cell MU-MIMO operation. For a simi-
lar reason, highly accurate channel feedback is required for a
CoMP operation. For example, in CoMP JT, a plurality of
eNBs transmit the same data to a specific UE through coop-
eration. In theory, the CoMP JT system may be regarded as a
MIMO system with a plurality of geographically distributed
antennas. That is, an MU-MIMO operation in CoMP JT also
requires high accuracy of channel information to avoid inter-
ference between co-scheduled UEs, like a single-cell MU-
MIMO operation. CoMP CB also requires high accuracy of
channel information to avoid interference that a neighbor cell
causes to a serving cell.

Relay Node (RN)

Use of RNs may be considered, for example, for the pur-
pose of extending the coverage of high data rates, enhancing
group mobility, deploying a temporary network, improving
cell-edge throughput, and/or providing network coverage to a
new area.

AnRN forwards data between aneNB and a UE. Two types
of links having different characteristics in respective carrier
frequency bands (a backhaul link and an access link) are
established for the RN. The eNB may cover a donor cell. The
RN is connected wirelessly to a wireless access network
through the donor cell.

Ifthe backhaul link between the eNB and the RN usesa DL
frequency band or DL subframe resources, it is called a back-
haul DL. If the backhaul link uses a UL frequency band or UL
subframe resources, it is called a backhaul UL. The frequency
bands are FDD resources and the subframes are TDD
resources. Likewise, if the access link between the RN and the
UE(s) uses a DL frequency band or DL subframe resources, it
is called an access DL. If the access link uses a UL frequency
band or UL subframe resources, it is called an access UL.

The functions of UL reception and DL reception are
required for an eNB and the functions of UL transmission and
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DL reception are required for a UE. For an RN, the functions
of'backhaul UL transmission to an eNB, access UL reception
from a UE, backhaul DL reception from the eNB, and access
DL transmission to the UE are required.

With respect to the RN’s usage of a frequency band (or
spectrum), its operation can be classified as ‘in-band’ and
‘out-band’. For an in-band RN, a backhaul link shares the
same frequency band with an access link. If the backhaul link
and the access link operate in different frequency bands, the
RN is an out-band RN. In both in-band and out-band relaying,
a UE (hereinafter, referred to as a legacy UE) operating in the
conventional LTE system such as one conforming to
Release-8 should be able to access a donor cell.

Depending on whether a UE is aware of the existence of an
RN, RNs may be classified into a transparent RN and a
non-transparent RN. If the UE does not perceive whether it
communicates with a network via an RN, the RN is a trans-
parent RN. In contrast, if the UE perceives whether it com-
municates with a network via an RN, the RN is a non-trans-
parent RN.

Inrelation to control of RNs, RNs may be classified into an
RN configured as a part of a donor cell and an RN that
self-controls a cell.

The former RN may have an RN ID, although it does not
have its own cell ID. If at least a part of Radio Resource
Management (RRM) is controlled by an eNB covering the
donor cell, the RN is regarded as configured as a part of the
donor cell (even though the other parts of the RRM reside in
the RN). Preferably, this RN can support legacy UEs. For
instance, smart repeaters, decode-and-forward relays, Layer
2 (L2) relays, and Type-2 relays form a part of a donor cell.

The latter RN controls one or more cells. The cells are
allocated their unique physical cell IDs and they may use the
same RRM mechanism. From the viewpoint of a UE, there is
no distinction between accessing a cell controlled by an RN
and accessing a cell controlled by a macro eNB. Preferably, a
cell controlled by this type of RN may support legacy UEs.
For example, RNs of'this type include self-backhauling RNs,
Layer 3 (L3) relays, Type-1 relays, and Type-1a relays.

A Type-1 relay is an in-band RN that controls a plurality of
cells. Each of the plurality of cells appears to a UE as a
separate cell distinct from a donor cell. The plurality of cells
have their own physical cell IDs (as defined in LTE Release-8)
and the RN can transmit its own synchronization channel,
Reference Signals (RSs), etc. During a single-cell operation,
a UE may receive scheduling information and an HARQ
feedback directly from the RN and transmit its control chan-
nels (a Scheduling Request (SR), a CQI, an ACK/NACK,
etc.) to the RN. The Type-1 relay appears as a legacy eNB
(operating in conformance to LTE Release-8) to a legacy UE
(conforming to LTE Release-8). That is, the Type-1 relay has
backward compatibility. On the other hand, to LTE-A UEs,
the Type-1 relay appears different from a legacy eNB. Thus
the Type-1 relay can enhance performance.

Except for its out-band operation, a Type-1a relay has the
same features as the Type-1 relay. The Type-1a relay may be
configured such that the influence of its operation on an L1
operation is minimized or eliminated.

A Type-2 relay is an in-band RN that does not have its own
physical cell ID and thus does not form a new cell. Since the
Type-2 relay is transparent to legacy UEs, the legacy UEs do
not notice the existence of the Type-2 relay. The Type-2 relay
can transmit a PDSCH but does not transmit at least a Com-
mon Reference Signal (CRS) and a PDCCH.

In order to allow in-band relaying, some resources in the
time-frequency domain should be set aside for a backhaul link
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and these resources may be configured not to be used for an
access link. This is called resource partitioning.

A description will be given of the general principle of
resource partitioning at an RN. A backhaul DL and an access
DL may be TDM-multiplexed in one carrier frequency (that
is, only one of the backhaul DL and the access DL is active at
a specific time). Similarly, a backhaul UL and an access UL
may be TDM-multiplexed in one carrier frequency (that is,
only one of the backhaul UL and the access UL is active at a
specific time).

Multiplexing of backhaul links in FDD is performed such
that backhaul DL transmission and backhaul UL transmission
take place in a DL frequency band and a UL frequency band,
respectively. In comparison, multiplexing of backhaul links
in TDD is performed such that backhaul DL transmission and
backhaul UL transmission take place in a DL subframe band
between an eNB and an RN and a UL subframe between the
eNB and the RN, respectively.

In the case of an in-band RN, for example, if backhaul DL
reception from an eNB and access DL transmission to a UE
are performed simultaneously in the same frequency band, a
signal transmitted from the transmitter of the RN may be
received at the receiver of the RN. As a result, signal interfer-
ence or Radio Frequency (RF) jamming may occur at the RF
front-end of the RN. Likewise, if access UL reception from a
UE and backhaul UL transmission to an eNB take place
simultaneously in the same frequency band, the RF front-end
of the RN may experience signal interference. Therefore,
simultaneous transmission and reception in the same fre-
quency band may not be feasible unless areception signal and
atransmission signal are sufficiently isolated from each other,
for example, a Tx antenna is geographically apart enough
from an Rx antenna (e.g. on the ground/underground).

One way to handle the signal interference is to operate the
RN such that while the RN is receiving a signal from a donor
cell, it is not transmitting signals to UEs. That is, a gap is
created in RN-to-UE transmission and UEs (including legacy
UESs) are not supposed to expect any RN transmission during
the gap. InFIG. 6, a first subframe 1010 is a general subframe
carrying a DL (i.e. an access DL) control signal and data from
an RN to a UE, and a second subframe 1020 is a Multicast
Broadcast Single Frequency Network (MBSEFN) subframe
that carries a control signal from the RN to the UE in a control
region 1021 but does not carry a signal from the RN to the UE
in the remaining region 1022 of the MBSFN subframe. Since
a legacy UE expects reception of a PDCCH in every DL
subframe (that is, the RN needs to support legacy UEs’ recep-
tion of a PDCCH and measurement using the PDCCH within
its coverage), a PDCCH needs to be transmitted in every DL
subframe, for reliable operation of the legacy UEs. Accord-
ingly, the RN needs to perform access DL transmission,
instead of backhaul DL reception, even in the first N (N=1, 2
or 3) OFDM symbols of a subframe set for DL transmission
(i.e. backhaul DL transmission) from the eNB to the RN, that
is, in the second subframe 1020. In this context, a PDCCH is
transmitted from the RN to a UE in the control region 1021 of
the second subframe 1020, thereby providing backward com-
patibility to legacy UEs served by the RN. While no RN-to-
UE transmission takes place in the remaining region 1022 of
the second subframe 1020, the RN can receive a signal from
the eNB in the remaining region 1022. This frequency parti-
tioning prevents simultaneous access DL transmission and
backhaul DL reception at an in-band RN.

The second subframe 1020 being an MBSFN subframe
will be detailed below. The MBSFN subframe is basically a
subframe for MBMS. MBMS refers to a service of transmit-
ting the same signal simultaneously from a plurality of cells.
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The control region 1021 of the second subframe 1020 may be
referred to as a relay non-hearing period. During the relay
non-hearing period, the RN transmits an access DL signal
without receiving a backhaul DL signal. As stated before, the
relay non-hearing period may be set to be 1, 2 or 3 OFDM
symbols long. The RN may perform access DL transmission
to a UE during the relay non-hearing period 1021 and perform
backhaul DL reception from the eNB in the remaining region
1022. Because the RN is not allowed to perform simultaneous
transmission and reception in the same frequency band, the
RN takes a certain time to transition from a Tx mode to an Rx
mode. Therefore, it is necessary to set a Guard Time (GT) in
which the RN can switch from the Tx mode to the Rx mode in
a starting period of the backhaul DL reception region 1022.
When the RN performs backhaul DL reception from the eNB
and access DL transmission to a UE, a GT may also be set for
switching from the Rx mode to the Tx mode of the RN. The
length of the GT may be given as a time-domain value, for
example, k (k=1) time samples (T,) or one or more OFDM
symbols. If successive backhaul DL subframes are config-
ured for the RN according to a specific subframe timing
alignment relationship, a GT may not be defined or set in the
last part of a subframe. To maintain backward compatibility,
the GT may be defined only in a frequency area set for
backhaul DL subframe transmission (if a GT is set in an
access DL period, legacy UEs may not be supported). The RN
may receive a PDCCH and a PDSCH from the eNB in the
backhaul DL reception period 1022 except for the GT. The
PDCCH transmitted to the RN by the eNB in the data region
(the transmission gap in FIG. 6) of the backhaul DL subframe
may be referred to as a Relay-PDCCH (R-PDCCH), distin-
guishably from a conventional PDCCH.

Handover

In a wireless communication system, handover is a func-
tion of enabling a UE to automatically tune to a new commu-
nication channel of a neighbor eNB, for seamless communi-
cation, when the UE moves out of the service area of a serving
eNB and enters the service area of the neighbor eNB in a
call-connected state.

FIG. 7 illustrates a handover procedure.

If a condition set by a serving eNB is satisfied or upon
generation of a predetermined event, a UE transmits a mea-
surement report message to the serving eNB (S110). The
serving eNB is a network node connected to the UE before
handover. If the serving eNB determines from the measure-
ment report message received from the UE that handover is
needed, the serving eNB decides on handover (S115).

The serving eNB transmits a handover prepare message
including UE context information to a target eNB (S120). The
target eNB is an eNB that manages a new cell into which the
UE moves by handover. The UE context information includes
information about the Quality of Service (QoS) of a service
that the serving eNB provides to the UE, a radio bearer type,
etc.

The target eNB determines whether to accept the handover
request, taking into account its available wired/wireless
resources (S125). The target eNB transmits resource alloca-
tion information along with a new temporary 1D (C-RNTI)
for the UE to the serving eNB (5130).

The serving eNB transmits a handover command to the UE
(S140) and starts to transmit user data to the target eNB. The
UE performs L1 signaling and L2 signaling in order to recon-
figure a radio environment including timing synchronization
with the target eNB (S150). The UE receives timing informa-
tion from the target eNB and then transmits a handover con-
firm message to the target eNB (5160).
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The target eNB transmits a handover complete message
indicating successful handover to the serving eNB (S170).
Then the serving eNB releases all resources from the UE. The
target eNB requests location update for the UE to a Core
Network (CN) (S180). The CN transmits user data previously
directed to the serving eNB to the target eNB by switching a
path configuration for the UE (S190). Upon completion of the
handover procedure, the target eNB becomes a new serving
eNB for the UE.

Mobile Relay

A mobile relay is an RN that relays signal transmission and
reception between a macro eNB and a UE, like a general RN,
but is not fixed in position.

For example, an RN installed in a transportation means (a
car, a bus, a train, etc.) may be a mobile relay. A cell (i.e. a
mobile cell) covered by the RN installed in the transportation
means may cover the inside and vicinity of the transportation
means. Preferably, the mobile relay may serve mainly UEs
inside the transportation means.

Problems encountered with a service provided by a macro
eNB (or a fixed eNB) can be solved for a UE inside a trans-
portation means by deploying a mobile relay in the transpor-
tation means. For example, the attenuation of a signal strength
caused by the transportation means, its windows, etc. may be
overcome. In addition, if a plurality of UEs move together,
they may simultaneously perform handover from a serving
eNB to a target eNB. With the use of a mobile relay, the
multi-handover situation may be readily handled based on
group mobility.

Because the position of a mobile relay changes over time,
problems that a legacy system does not face may be produced.
For example, if a conventional handover procedure with no
regard to a mobile relay is still used, this may be unnecessary
to both a UE and a network. Accordingly, a method for solv-
ing this problem should be provided, when a mobile relay is
introduced.

FIGS. 8 and 9 illustrate exemplary handover situations that
may result from introduction of a mobile relay. For the con-
venience of description, it is assumed in FIGS. 8 and 9 that the
mobile relay is installed in a bus and a macro eNB covers abus
stop.

FIG. 8 illustrates an exemplary handover situation in the
case where UE1 and UE2 are waiting for a bus at a bus stop.

In the example of FIG. 8(a), UE1 and UE2 are served by a
macro eNB and a mobile relay is moving toward UE1 and
UE2.

FIG. 8(b) illustrates a situation in which the mobile relay
has arrived at the location of UE1 and UEZ2. In this case, each
of UE1 and UE2 may sense a strong signal from the mobile
relay and thus may report the reception of the strong signal to
the serving eNB (i.e. the macro eNB). If the serving eNB
follows a conventional handover procedure that is based on
received signal strength, the serving eNB may perform han-
dover of UE1 and UE2 to the cell of the mobile relay.

FIG. 8(c) illustrates a situation in which UE1 gets on the
bus but UE2 stays where it is. In this case, since UE1 gets on
the bus and moves along with the mobile relay, it is appropri-
ate that UE1 performs handover from the macro eNB to the
mobile relay.

However, a signal received from the macro eNB gets stron-
ger than a signal received from the mobile relay, for UE2 that
is not aboard the bus in the example of FIG. 8(c). Therefore,
UE2 will perform handover from the mobile relay to the
macro eNB. In this case, handover of UE2 to the mobile relay
that stays just a moment and then leaves may be unnecessary
and increase network load.
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FIG. 9 illustrates an exemplary handover situation, in the
case where a bus carrying UE1 and UE2 arrives at a bust stop.

FIG. 9(a) illustrates a situation in which UE1 and UE2 are
served by the mobile relay and the mobile relay, UE1, and
UE2 are moving toward a bus stop.

FIG. 9(b) illustrates a situation in which the mobile relay,
UE1, and UE2 have arrived at the bus stop. In this case, both
UE1 and UE2 may sense a strong signal from the macro eNB
and may report the reception of the strong signal to the serv-
ing eNB (i.e. the mobile relay). If the serving eNB follows the
conventional handover procedure that is based on received
signal strength, the serving eNB may perform handover of
UE1 and UE2 to the cell of the macro eNB.

FIG. 9(c) illustrates a situation in which UE1 gets off the
bus but UE2 leaves on the bus. In this case, since the mobile
relay gets far from UE1 and UE1 is located within the cover-
age of the macro eNB, it is appropriate that UE1 performs
handover from the mobile relay to the macro eNB.

However, as the transportation means carrying the mobile
relay gets farther from the macro eNB, a signal received from
the mobile relay gets stronger than a signal received from the
macro eNB, for UE2 that stays on the bus in the example of
FIG. 9(c). Therefore, UE2 will perform handover from the
macro eNB to the mobile relay. In this case, handover of UE2
to the macro cell where UE2 stays just for a short time may be
unnecessary and increase network load.

As noted from FIGS. 8 and 9, if a handover situation (e.g.
a signal from an eNB other than a serving eNB is stronger
than a signal from the serving eNB) is related to a mobile
relay (i.e. the mobile relay is a serving eNB or a target eNB in
the handover situation) in the conventional handover proce-
dure, a predicted location of a UE needs to be considered
additionally. In the disclosure, handover from a mobile relay
to an eNB or handover from an eNB to a mobile relay will be
referred to as ‘mobile relay handover’.

For this purpose, a UE may determine whether to perform
mobile relay handover by determining whether to move along
with the mobile relay. Specifically, only when the UE deter-
mines whether to perform handover, taking into additional
account whether the UE gets aboard a transportation means
having the mobile relay, while being served by an eNB or the
UE gets off the transportation means, while being served by
the mobile relay, unnecessary handover operations are
reduced.

Embodiment 1

In the case of mobile relay handover, a UE may notify a
user of the UE of availability of the mobile relay handover,
receive an input from the user (e.g. receive information indi-
cating whether the user has gotten on or off a vehicle having
a mobile relay), and transmit the user input to an eNB in an
embodiment of the present invention. The eNB may deter-
mine whether to perform handover for the UE based on the
received user input.

A mobile relay handover is possible, for example, when a
mobile relay approaches a UE and thus the UE measures a
strong signal from the mobile relay or when a UE moving
along with a mobile relay approaches an eNB (e.g. a macro
eNB) and thus measures a strong signal from the eNB.

Handover availability may be notified to a user in various
manners. For example, the user is prompted to answer a query
of whether handover to the mobile relay or handover to the
eNB will be performed, a query of whether the user will get on
(or has gotten on) the transportation means having the mobile
relay, or a query of whether the user will get off (or has gotten
off) the transportation means having the mobile relay.
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Ifa user of a UE is aboard a transportation means having a
mobile relay, this implies that a predicted traveling route of
the UE is identical to a predicted traveling route of the mobile
relay. Likewise, if the user gets off the transportation means,
this implies that a predicted traveling route of the UE is
different from a predicted traveling route of the mobile relay.
Inthis context, the term ‘get-on’ or ‘get-off” will be used from
the viewpoint of a UE in order to describe a state of the UE
briefly.

To minimize unnecessary notifications of availability of
mobile relay handover, when handover is not mobile relay
handover (i.e. either of a serving eNB and a target eNB is not
a mobile relay in handover), handover availability may not be
notified to a user. Only when a signal from an eNB other than
aserving eNB is kept at or above a predetermined strength for
a predetermined time or longer, the notification may be trans-
mitted to the user.

The function of notifying the availability of mobile relay
handover may be activated or deactivated directly by the user
or transparently for the user according to a predetermined
condition. For example, if the user stays at a stop for a trans-
portation means for a predetermined time or longer, the func-
tion of notifying handover availability may be activated. At
the moment the user is away from the stop for a predeter-
mined time or longer, the function of notifying handover
availability may be deactivated.

Embodiment 2

In another embodiment of the present invention, a user may
preliminarily register identification information about mobile
relays (or transportation vehicles having the mobile relays) in
a UE. In the event of handover to or from a mobile relay
having identification information registered to the UE, the UE
may perform mobile relay handover without asking the user
whether to perform handover (or asking the user whether the
user has gotten on/off).

For example, identification information about a mobile
relay (or identification information about a transportation
means having the mobile relay) may include information
about a bus line number or a subway line number (or a
predicted route of a bus line or a subway line), a vehicle
identification number, a mobile relay identification number
(e.g.acell ID), atraveling direction, a time, a place, etc. A cell
ID may be allocated to a mobile relay such that the mobile
relay is distinguished from a general eNB (e.g. amacro eNB).
For example, a specific part of total IDs available as cell IDs
may be defined as cell IDs for mobile relays. In this case, it
may be determined whether a cell is a mobile relay cell simply
by the cell ID of the cell.

The identification information about the mobile relay may
be a combination of one or more pieces of identification
information. For example, identification information may be
configured for every vehicle of a specific line such that han-
dover may be performed irrespective of a traveling direction,
time, and place. Or identification information may be config-
ured such that handover is performed only when a vehicle
corresponds to a specific traveling direction, a specific time,
and a specific place from among all vehicles of a specific line.
Handover from another eNB to a mobile relay or handover
from a mobile relay to another eNB may be always performed
according to identification information about the mobile
relay.

For example, a UE may always attempt handover to a
mobile relay having identification information registered to
the UE, on the assumption that the user of the UE gets on a
transportation means having the mobile relay. If information
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about a specific time zone (e.g. acommute time zone to work)
and/or information about a specific stop (e.g. a stop in the
neighborhood of a user’s house) is additionally set, when a
mobile relay satisfying this condition approaches, the UE
may always perform handover to the mobile relay.

In another example, a UE may always attempt handover
from a mobile relay having identification information regis-
tered to the UE, on the assumption that the user of the UE gets
off a transportation means having the mobile relay. If infor-
mation about a specific time zone (e.g. a commute time zone
to home) and/or information about a specific stop (e.g. a
subway station in the neighborhood of a user’s house) is
additionally set, when a mobile relay satisfying this condition
approaches another eNB, the UE may always perform han-
dover to the eNB.

While it has been described that handover is allowed based
on identification information listed in a white list, by way of
example, identification information may be listed in a black
list so that handover to or from mobile relays having the
identification information may be prohibited. In general, han-
dover is allowed for a mobile relay installed in a public
transportation means only in some cases. Therefore, identifi-
cation information may be configured in a white list.

As described before, pre-registered identification informa-
tion may be changed dynamically by a user.

The identification information may be stored in the UE
and/or a network. In the former case, the UE may be config-
ured to report handover-related information (e.g. measure-
ment information) to an eNB, only when a mobile relay
matches the identification information. Therefore, unneces-
sary handover is not performed. In the latter case, although
the UE reports handover-related information to the network
(e.g. a serving eNB), the serving eNB may determine not to
perform handover, if the handover-related information does
not match the user-registered identification information.

A macro eNB related to handover to or from a mobile relay
(e.g. a macro eNB covering a specific bus stop or a specific
subway station) may prepare for authentication of the UE, to
thereby shorten time taken for handover.

Embodiment 3

In another embodiment of the present invention, a UE may
determine whether its user is approaching or receding from a
mobile relay by means of a sensor of the UE and may perform
handover to or from the mobile relay based on the determi-
nation.

For example, the UE may determine whether the user has
gotten on or off a transportation means having the mobile
relay by sensing a signal from a specific signal generator
installed at an entrance/exit door of the transportation means
through the sensor of the UE. For example, if a transportation
means having a mobile relay is a bus, a UE having a bus card
may determine whether its user is getting on/off the bus by
near-field communication with a card reader installed in the
bus. For this operation, a signal generated from the signal
generator or the card reader may include identification infor-
mation about the bus (e.g. line information about the bus).

If departure and arrival times are preset as is the case with
a train, an aircraft, a ship, etc., the UE may determine depar-
ture and arrival times of such a transportation means by read-
ing ticket information or receiving a readable electronic
ticket. In this case, if the departure or arrival time of the
transportation means comes near and thus a signal from a
specific eNB gets stronger during measurement of signals
from neighbor eNBs (in the case of get-on or get-oft), the UE
may perform handover to the eNB (i.e. mobile relay han-
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dover). Or the UE may acquire information about a departure
location and a destination from the ticket information and
may perform mobile relay handover at a departure or arrival
time in the departure location or the destination. For example,
the UE may extract destination information from the ticket
information and may acquire information about an eNB
located in the destination directly or indirectly through a
query and response procedure with a server in a network.

While it has been described that a UE senses a user’s get-on
or get-off, reports the sensing to an eNB, and thus performs
mobile relay handover in the above example, it may be further
contemplated that a sensor installed along with a mobile relay
(or a transportation means having the mobilerelay) senses the
UE’s get-on or get-off and the network initiates a mobile relay
handover procedure based on the sensing. For example, if the
UE gets on the transportation means with the mobile relay, the
mobile relay may serve as a target eNB and may request
handover of the UE to a serving eNB. If the UE gets off the
transportation means with the mobile relay, the mobile relay
may serve as a serving eNB and may initiate a handover
procedure to a target eNB (e.g. a macro eNB covering a place
where the UE gets off the transportation means). In both
cases, it is determined whether a user gets on/off without
intervention of the user and mobile relay handover is per-
formed based on the determination.

Embodiment 4

The forgoing embodiments of mobile relay handover, spe-
cifically an embodiment of receiving a user input indicating
whether a user gets on or gets off a transportation means
having a mobile relay (Embodiment 1), an embodiment of
assuming that a user gets on or gets off a transportation means
having a mobile relay whose identification information has
been registered to a UE (Embodiment 2), and/or an embodi-
ment of sensing a user’s get-on or get-off (Embodiment 3)
may be used as information that triggers an operation other
than handover.

For example, if it is determined that a user is aboard a
transportation means with a mobile relay, a UE may switch
call termination from a bell mode to a vibration mode or may
execute an application that provides line information about
the transportation means. In addition, the UE may acquire
information about the location of the transportation means
and information about an expected time to a destination in the
transportation means by exchanging signals with communi-
cation equipment such as the mobile relay. The UE may
further notify the user whether the destination is near based on
the acquired information.

If the UE determines that the user has gotten off the trans-
portation means with the mobile relay, the UE may switch
from an aboard operation mode to a normal operation mode
set before being aboard.

FIG. 10 illustrates a signal flow for a method for perform-
ing mobile relay handover according to the present invention.

In the illustrated case of FIG. 10, a serving eNB may be a
mobile relay and a target eNB may be a macro eNB, or a
serving eNB may be a macro eNB and a target eNB may be a
mobile relay. Handover related to a mobile relay is called
mobile relay handover, as stated before.

A UE may determine its state in relation to handover
(81010). Briefly speaking, the state of the UE may be a state
in which mobile relay handover is allowed or not allowed.
Specifically, the UE may be placed in a first state where the
mobile relay and the UE are in the same predicted traveling
route (e.g. when the user of the UE will get on/has gotten on
atransportation means having the mobile relay) or in a second
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state where the mobile relay and the UE are in different
predicted traveling routes (e.g. when the user of the UE will
get off/has gotten off the transportation means having the
mobile relay).

The state of the UE may be determined according to the
foregoing various embodiments (e.g. a user input, preset
identification information, and UE’s sensing) in step S1010.

The UE may transmit information indicating the deter-
mined state in relation to mobile relay handover to the serving
eNB (S81020). The serving eNB may receive the information
(S1030). The UE may transmit the state information together
with or separately from a measurement of a neighbor eNB
(e.g. in step S110 of FIG. 7) in step S1020.

The serving eNB may determine whether to perform the
UE’s handover based on the state information in relation to
the mobile relay handover, received from the UE (S1040). For
example, in the case where the serving eNB is a macro eNB
and the target eNB is a mobile relay, the serving eNB may
determine to approve handover if the UE and the mobile relay
travel in the same predicted route and may determine not to
approve handover if the UE and the mobile relay travel in
different predicted routes. Or in the case where the serving
eNB is a mobile relay and the target eNB is a macro eNB, the
serving eNB may determine not to approve handover if the
UE and the mobile relay travel in the same predicted route and
may determine to approve handover if the UE and the mobile
relay travel in different predicted routes.

The serving eNB may transmit a handover command to the
UE based on the determination as to handover (S1050). If the
serving eNB determines to approve the handover, a procedure
for securing resources for the UE may be performed at the
target eNB before step S1050 (e.g. steps S120 and S130 in
FIG. 7). If the serving eNB determines not to approve the
handover, step S1050 may not be performed.

The UE that has received the handover command, the serv-
ing eNB, and the target eNB may perform a subsequent opera-
tion of the handover procedure (e.g. steps S150 to S190 in
FIG. 7) (S1060).

To perform mobile relay handover according to the present
invention, the foregoing embodiments may be implemented
independently or two or more of them may be implemented in
combination. For clarity, a redundant description will be
avoided herein.

FIG. 11 is a block diagram of'a UE and an eNB according
to the present invention.

Referring to FIG. 11,2 UE 1110 may include an Rx module
1111, a Tx module 1112, a processor 1113, a memory 1114,
and a plurality of antennas 1115. The UE 1110 supports
MIMO transmission and reception through the plurality of
antennas 1115. The Rx module 1111 may receive signals,
data, and information from another device (e.g. an eNB or an
RN). The Tx module 1112 may transmit signals, data, and
information to another device. The processor 1113 may pro-
vide overall control to the UE 1110.

The UE 1110 may be configured to perform mobile relay
handover. The processor 1113 of the UE 1110 may be con-
figured to report information about the state of the UE in
relation to the mobile relay handover to a serving eNB. The
processor 1113 may also be configured to perform the mobile
relay handover based on a handover command received from
the serving eNB, as determined based on the state of the UE
by the serving eNB.

Besides, the processor 1113 of the UE 1110 may process
information received at the UE or information to be transmit-
ted from the UE. The memory 1114 may store processed
information for a predetermined time and may be replaced
with a component such as a buffer (not shown).
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Referring to FIG. 11, an eNB 1120 may include an Rx
module 1121, a Tx module 1122, a processor 1123, a memory
1124, and a plurality of antennas 1125. The eNB 1120 sup-
ports MIMO transmission and reception through the plurality
of'antennas 1125. The Rx module 1121 may receive signals,
data, and information from another device (e.g. a UE, another
eNB, or an RN). The Tx module 1122 may transmit signals,
data, and information to another device. The processor 1123
may provide overall control to the eNB 1120.

The eNB 1120 may be configured to support mobile relay
handover. The processor 1123 of the eNB 1120 may be con-
figured to receive information about the state of a UE in
relation to mobile relay handover from the UE. The processor
1123 may also be configured to determine the mobile relay
handover based on the state of the UE and transmit a handover
command to the UE.

The eNB 1120 of FIG. 11 may be another eNB involved in
the mobile relay handover or may be a mobile relay.

Besides, the processor 1123 of the eNB 1120 may process
information received at the eNB 1120 or information to be
transmitted from the eNB 1120. The memory 1124 may store
processed information for a predetermined time and may be
replaced with a component such as a buffer (not shown).

The above UE and eNB may be configured to implement
the foregoing embodiments independently or two or more of
them in combination. For clarity, a redundant description will
be avoided herein.

The description of an eNB in FIG. 11 may apply to an RN
as a DL transmission entity or a UL reception entity, and the
description of a transmission and reception apparatus in FIG.
11 may apply to a UE or an RN as a DL reception entity or a
UL transmission entity.

The embodiments of the present invention may be achieved
by various means, for example, hardware, firmware, soft-
ware, or a combination thereof.

In a hardware configuration, the methods according to the
embodiments of the present invention may be achieved by
one or more Application Specific Integrated Circuits
(ASICs), Digital Signal Processors (DSP), Digital Signal
Processing Devices (DSDPs), Programmable Logic Devices
(PLDs), Field Programmable Gate Arrays (FPGAs), proces-
sors, controllers, microcontrollers, microprocessors, etc.

In a firmware or software configuration, the methods
according to the embodiments of the present invention may
be implemented in the form of a module, a procedure, a
function, etc. Software code may be stored in a memory unit
and executed by a processor. The memory unit is located at
the interior or exterior of the processor and may transmit and
receive data to and from the processor via various known
means.

The detailed description of the preferred embodiments of
the present invention is given to enable those skilled in the art
to realize and implement the present invention. While the
present invention has been described referring to the pre-
ferred embodiments of the present invention, those skilled in
the art will appreciate that many modifications and changes
can be made to the present invention without departing from
the spirit and essential characteristics of the present invention.
For example, the structures of the above-described embodi-
ments of the present invention can be used in combination.
The above embodiments are therefore to be construed in all
aspects as illustrative and not restrictive. Therefore, the
present invention intends not to limit the embodiments dis-
closed herein but to give a broadest range matching the prin-
ciples and new features disclosed herein.

Those skilled in the art will appreciate that the present
invention may be carried out in other specific ways than those
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set forth herein without departing from the spirit and essential
characteristics of the present invention. The above embodi-
ments are therefore to be construed in all aspects as illustra-
tive and not restrictive. The scope of the invention should be
determined by the appended claims and their legal equiva-
lents, not by the above description, and all changes coming
within the meaning and equivalency range of the appended
claims are intended to be embraced therein. Therefore, the
present invention intends not to limit the embodiments dis-
closed herein but to give a broadest range matching the prin-
ciples and new features disclosed herein. It is obvious to those
skilled in the art that claims that are not explicitly cited in each
other in the appended claims may be presented in combina-
tion as an embodiment of the present invention or included as
anew claim by a subsequent amendment after the application
is filed.

INDUSTRIAL APPLICABILITY

The above-described embodiments of the present inven-
tion are applicable to various mobile communication sys-
tems.

The invention claimed is:

1. A method for performing a mobile relay handover at a
user equipment, the method comprising:

reporting information about a state of the user equipment

regarding the mobile relay handover to a serving base
station; and
performing the mobile relay handover based on a handover
command received from the serving base station, the
handover command being determined based on the state
of the user equipment by the serving base station,

wherein the state of the user equipment is determined
based on at least one of information input by a user of the
user equipment, identification information preset in the
user equipment, and a sensing result of the user equip-
ment, and

wherein the preset identification information includes at

least one of information about a predicted travel route of
the mobile relay, identification information about the
mobile relay, identification information about a trans-
portation means in which the mobile relay is installed,
time information, and place information.

2. The method according to claim 1, wherein the state of the
user equipment is one of a first state in which the user equip-
ment and a mobile relay travel in the same predicted route and
a second state in which the user equipment and the mobile
relay travel in different predicted routes.

3. The method according to claim 2, wherein if the mobile
relay handover is a handover from the mobile relay to another
base station, the mobile relay handover is not performed
when the state of the user equipment is the first state and the
mobile relay handover is performed when the state of the user
equipment is the second state.

4. The method according to claim 2, wherein if the mobile
relay handover is a handover from another base station to the
mobile relay, the mobile relay handover is performed when
the state of the user equipment is the first state and the mobile
relay handover is not performed when the state of the user
equipment is the second state.

5. The method according to claim 1, wherein the informa-
tion input by the user of the user equipment is a response to a
request for confirming the state of the user equipment.

6. The method according to claim 1, wherein the sensing
result of the user equipment is at least one of a result of
sensing a signal from the mobile relay or a device co-located
with the mobile relay and a result of sensing a medium con-
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taining information about at least one of a predicted travel
route, a departure time, a departure location, an arrival time,
and an arrival location of the mobile relay.

7. The method according to claim 1, wherein the mobile
relay handover is a handover from the mobile relay to another
base station or a handover from another base station to the
mobile relay.

8. A method for supporting a mobile relay handover, the
method comprising:

receiving information about a state of a user equipment

regarding the mobile relay handover; and

determining whether the mobile relay handover is to be

performed based on the state of the user equipment and
transmitting a handover command to the user equip-
ment,

wherein the state of the user equipment is determined

based on at least one of information input by a user of the
user equipment, identification information preset in the
user equipment, and a sensing result of the user equip-
ment, and

wherein the preset identification information includes at

least one of information about a predicted travel route of
the mobile relay, identification information about the
mobile relay, identification information about a trans-
portation means in which the mobile relay is installed,
time information, and place information.

9. A user equipment for performing a mobile relay han-
dover, the user equipment comprising:

a transmission module for transmitting a signal to a net-

work;

areception module for receiving a signal from the network;

and

a processor for controlling the user equipment including

the transmission module and the reception module,
wherein the processor is configured to report information
about a state of the user equipment regarding the mobile
relay handover to a serving base station through the
transmission module, and to perform the mobile relay
handover based on a handover command received from
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the serving base station, the handover command being
determined based on the state of the user equipment by
the serving base station,

wherein the state of the user equipment is determined
based on at least one of information input by a user of the
user equipment, identification information preset in the
user equipment, and a sensing result of the user equip-
ment, and

wherein the preset identification information includes at
least one of information about a predicted travel route of
the mobile relay, identification information about the
mobile relay, identification information about a trans-
portation means in which the mobile relay is installed,
time information, and place information.

10. A base station for supporting a mobile relay handover,

the base station comprising:

a transmission module for transmitting a signal to a user
equipment;

a reception module for receiving a signal from the user
equipment; and

a processor for controlling the base station including the
transmission module and the reception module,

wherein the processor is configured to receive information
about a state of the user equipment regarding the mobile
relay handover through the reception module, to deter-
mine whether the mobile relay handover is to be per-
formed based on the state of the user equipment, and to
transmit a handover command to the user equipment
through the transmission module,

wherein the state of the user equipment is determined
based on at least one of information input by a user of the
user equipment, identification information preset in the
user equipment, and a sensing result of the user equip-
ment, and

wherein the preset identification information includes at
least one of information about a predicted travel route of
the mobile relay, identification information about the
mobile relay, identification information about a trans-
portation means in which the mobile relay is installed,
time information, and place information.
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